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[57] ABSTRACT 

A color display device includes a display medium; a display- 
side substrate including electrodes for driving the display 
medium; a counter substrate opposed to the display-side 
substrate with the display medium therebetween and includ- 
ing electrodes or driving the display medium; a first absorp- 
tive color filter provided on the display-side substrate; a 
second reflective color filter provided on a face opposite to 
the display-side substrate of the first color filter for reflecting 
light having a complementary color of light transmitted 
through the first color filter; and reflecting means provided 
on a face opposite to the first color filter of the second color 
filter. 

8 Claims, 6 Drawing Sheets 
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COLOR DISPLAY DEVICE HAVING a tiqwd crystal layer 12 including liquid crystal molecules 

ABSORPTIVE AND REFLECTIVE COLOR 120 interposed between the transparent substrates 13a and 

FILTERS Spacers (not shown) are disposed between the trans- 
parent substrates 13a and 13b in their peripheral areas. A 

BACKGROUND OF THE INVENTION 5 plurality of, picture element electrodes 24 are form ed on the 

inner face of one of the transparent substrates 13i>. TFTs 2S 

1. Field of the Invention m formed corresponding to the respective picture element 
The present invention relates to a color display device electrodes 24, Drain portions of the TFTs 25 are connected 

suitable for use in office automation (OA) equipment such as to the picture element electrodes 24. An alignment film 27 

word processors, notebook-type personal computers, and a 10 f or aligning the liquid crystal molecules 12a of the liquid 

variety of video and game equipment crystal layer 12 is formed on the entire inner face of the 

2. Description of the Related Art substrate 13b, covering the picture element electrodes 24 
Application of a liquid crystal display device to a word and the TFTs 25. 

processor, a laptop personal computer, or a portable televi- On the inner face of the other transparent substrate 13a, 

sion receiver referred to as a pocket TV set has been rapidly 13 a transparent common electrode 23 is formed so as oppose 

developed in recent years. ATN (twisted nematic) mode and the plurality of picture element electrodes 24. A color picture 

an STN (super twisted nematic) mode are conventionally element is defined by a portion where the picture element 

used in liquid crystal display devices. electrodes 24 and the common electrode 23 are opposed to 

A liquid crystal display device employing a TN mode has each other. A color filter layer 14. which has a red filter 

a S SeSd, aUquid cry sUd^ta? cell is disposed » 15(R), a green filter 1€(0) and a blue filter 17(B) and Mack, 

between a pair of polarizing plates. In such a liquid crystal masks 14a, is formed on the surface faangthe liquid crystal 

display device, monochromatic (black and white) display is layer 12 of the fransparent substrate 13a The red. blue and 

conducted by utilizing an optical property (switching grceo filters 15(R). 16(G) and 17(B) of the color filter layer 

characteristic) of the liquid crystal display celL The liquid 14 are provided corresponding to each of the picture element 

crystal layer of the TN mode liquid crystal display cell, 25 electrodes 24 so as to form a color picture element respec- 

wtdch has an orientation to conducting a display in a TN tively. The Mack masks 14a are provided b^een toe .color 

mode, has optical rotatory power under conditions of zero Picture elements. A plananzauon film 22 is formed on the 

applied voltage and does not nave an optical rotatory char- color filter layer 14. In addition, a pair of polarmng plates 

Eristic unto application of a voltage 28 and 29 are attached to the outer faces of the substrates 13a 

«kf . ° 30 13£, respectively. The backlight 601. which is provided 

Moreover a color <Uspl^ usmg n^^d ?n £ of me ^ crystal 

Crystal display cell has been developed. For example, 30, an optical guide 

small-sized ^ color filters of red. blue and green are prov.ded JJJmJj ^ 

on every display pixel of a liquid crystal display device to P 1 "* •»* ™" " reuctuu K 

effect a multicolor display or a full-color display by additive „ The color filters are classified based on the method used 

color mixing through utilization of a switching characteristic 35 for producing the color filters which selecUvely absorb hght 

of the TN mode liquid crystal cell. This principle is widely of a specific wavelength range. For example, methods such 

employed in an active matrix or a simple matrix color liquid as a dyeing method, a pigment dispersing method, a printing 

crystal display device at the present Among them, an active method, an electro-deposition method are widely used for 

matrix TFT-LCD is taken as an example and wfll be „ producing color filter layers. These color fUter layers are 

described below formed of an organic resin and a dye material or pigment 

. * . . „„ . .. . . . . mixed with the organic resin. Namely, the color filter layer 

The active mauix TFT-LCD is a ^y Jeviee Mjere XTSc^edyc^atc^L 

SereSc^^^ M *y absorbing light These color fflter lly^s are 

tors hereinafter referred to as TFT) for selectively applying ^^sd in detail in 'liquid crystal display technology of 

a voltage to the disphiy pixel are disposed on o« c€ a pafr 4J &oa n ^ b ^ UcWd Tlidustrial inves- 

rf substtates Scanning lines <g^>**^£ tigation association pp. 115-126. A thin interference color 

disposed, and data lines are vertically disposed in accor- rf , *\ . t . . . . . , „ 

dan£ with the number of display pixels. Tte active matrix filt« layer n^an morgue n^terialu also known e g 
,~, . K f . , . e ie ™ *~ Japanese Laid-Open Patent Publication Nos. 2-149881 and 
TFT-LCD hamga screen ^**^™«J*™* 1^324). IHe interference type color filter layer selec- 
tor, has beer, developed to ofiace autornaUon equipment x ^ unselected light without 
For a personal computer. 480 scanning , knes and 640>O ^ A^ordingly. this type of color filter layer is 
(corresponding to red. green and blue) data lines are dis- njt J^ pnjBakm aj^^ which 

90 , . _, , light stability. 

FIG. 6 illustrates a cross sectional view of one color * 
display pixel in a conventional active matrix color liquid „ a ^ problem conventional liquid crystal <hsplay 
Crystal display panel. The structure of the conventional device is that its transrmttance is as low as several percent- 
color Uqmd crystal display panel will be described below. ages. The transrmttance is represented by the following 
With regards to this invention, one color display pixel is equation: 
defined as the smallest unit area of a display for conducting ca^t^^^OD. 
a color display and includes at least two color picture go 
elements. Typically, the color display pixel includes three where 

primary color picture elements. Le., red. Green and blue A ^ ap^e ratio of a TFT array; 

Dicturc elements. . , , . , , , 

y ^ , „ . . . . . , > . ■ B represents the transnuttance of the liquid crystal layer; 

The liquid crystal display device includes a liquid crystal ^ ^ . . - 

display cell 600 and a backlight 601. The liquid crystal 65 C represents the transnuttance of the two polarizing 

display cell 600 includes transparent substrates 13c and 136 plates; and 

typically made of glass, closely opposed to each other, and D represents the transnuttance of the color filter layer. 
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Herein, typical values are shown in Table 1 below. opposite to the display surface of the first color filter layer. 

The second color filter layer reflects light having a comple- 
TABLE 1 mentary color of that of light transmitted through the first 

color filter layer. As a result, although the light which is not 
used by a color filter is absorbed in the color filter in the 
conventional structure, the light is reflected by the second 
reflective color filter to the opposite side of the fint color 
filter layer, before entering the first color filter layer. The 
light reflected by the second color filter layer is reflected 
toward the first and second color filter layers by a reflector. 
In this manner, the reflected light between the second color 
filter layer and the reflector ultimately reaches a portion (a 
A transmittance obtained by calculating with the values color filter) of the second color filter layer which transmits 
shown in Table 1 results in 6 .5 to 8%. This means that most the light, Then the light passes through the second color filter 
of the light emitted from a backlight is not effectively 15 layer. The light transmitted through the second color filter 
utilized. Due to the low efficiency of light, it is difficult to layer passes through the first color filter layer, and is thus 
conduct a color display without a backlight, which con- visually recognized by a viewer. Thus, although light is 
sumes power in large amounts. Thus, the achieving of a low absorbed in the conventional structure, according to the 
power consumption liquid crystal display device with a good present invention, the light is reflected to the opposite side 
transmissive color display is impaired ^ of the first color filter layer by the second color filter layer, 

and enters a portion of the first and second color filter layers 
SUMMARY OF THE INVENTION where the reflected light can be utilized. Thus, the light 

The color display device of this invention, includes a which is conventionally absorbed can now contribute to the 
display medium; a display-side substrate including elec- color display. Namely, according to the invention, light is 
trodes for driving the display medium; a counter substrate 25 utilized more efficiently. 

opposed to the display-side substrate with the display The underpinning principles, in the case where the present 
medium therebetween and including electrodes for driving invention is adapted to a transmissive color display device 
the display medium; a first absorptive color filter provided 100, will now be described with reference to FIG. 1. Herein, 
on the display-side substrate; a second reflective color filter a red picture element is used as an example, 
provided on a face opposite to the display-side substrate cf 30 The transmissive color display device 100 is provided 
the first color filter for reflecting light having a complemen- with a backlight 101. White light (W) emitted from a light 
tary color of light transmitted through the first color filter, source la of the backlight 101 is introduced to the trans- 
and reflecting means provided on a face opposite to the first missive color display device 100 through a reflector lb and 
color filter of the second color filter. an optical guide plate lc, and passes through a transparent 

In one embodiment of the invention, the second color 35 substrate 13b and a liquid crystal layer (Le., a display 
filter is provided od the display-side substrate so as to form medium) 2. 

a multilayer together with the first color filler. The white light (W) incident on the transmissive color 

In another embodiment of the invention, the second color display device 100 enters a second color filter 3a(R) in a 
falter is provided on the side of the counter substrate. second, *f «*ve color filter -kyei : 3 for example The 

r Z» a. ... , f ^ *\>t> *™t 40 second color filter 3a(R) reflects light having a wavelength 

In stril another embodiment of the invention the first (Le., transiritting red light). The red light (R) 

color filter is formed by either one of e gelatin dyeing me seco * d ^filter 3a(R) further 

method, a pigment dispersing method, an electro-deposiuon a £^ ^or filter ^(R) of a first absorptive 

method or a printing method. color filter layers 4-the first color filter 4*(R) transmitting 

Id still another embodiment of the invention, the second 4J ^ Hght ^ men through a transparent substrate 13a. 
color filter is formed by either one of an inorganic Thus, a viewer 5 recognizes the red light 6(R). On the other 
multilayer, a volume hologram, chiral nematic liquid crystal, hand ^ ^ ^ 7 (Q reflected by the second color filter 
cholesteric liquid crystal or a cholesteric liquid crystal passes through the liquid crystal layer 2 again, and 

polymer. returns to the backlight 101. There, the light is again 

Thus, the invention described herein makes possible the ^ reflected by the reflector (reflecting plate) lb, and then 
advantages of providing a transmissive color display device passes through the first and second color filter layers 4 and 
capable of realizing a low power consumption by signifi- 3 f or transinitring green light 8(G) or blue light 9 (B) through 
cantly improving light efficiency at the color filters, where respective first and second color filters 3*(G), 4b(G) and 
loss of light is the largest, in order to significantly reduce 3c(B). 4c(B). As a result, although cyan light is absorbed by 
power consumption associated with backlighting. The 55 a re( j cqJoj- filter in the conventional structure, substantially 
present invention can be applied to a reflective color display D0 cyan light is absorbed by the red color filter 4a(R) in the 
device. In this case, the present invention makes it possible present invention due to it being reflected by the second 
to provide a bright reflective color display device. color filter 3a(R), thus utilizing light three times more 

These and other advantages according to the present efficiently than conventional display devices. Herein, the red 
invention will become apparent to those skilled in the art picture element has been described, but green and blue 
upon reading and understanding the following detailed picture elements work in the same manner — the red, green 
description with reference to the accompanying figures. and blue picture elements defining a color display pixeL 

A color display device of the present invention includes a Black masks 3d and 4d are formed between the color filters 
second color filter layer for reflecting light in addition to a in the first and second color filter layers 4 and 3, re spec- 
first color filter layer for absorbing light. The first and second 65 tively. According to the structure of the color display device 
color filter layers include a plurality of color filters, respec- 100 of the present example, with regard to the light from the 
tively. The second color filter layer is provided on the face backlight, light energy absorbed in the first and second color 
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filter layers 4 and 3 is substantially zero. Furthermore, since FIG. 3 is a cross sectional view illustrating one color 

ambient light 10 on the side of the viewer 5 is absorbed by display pixel of an active matrix color liquid crystal display 

the first absorptive colorfilter layer 4. no reflection from the device in Example 1 of the present invention, 

second reflective color filter layer 3 toward the viewer 5 pjQ 4 ^ a cross sectional view illustrating one color 

occurs. 5 display pixel of an active matrix color liquid crystal display 

Next, the underpinning principles behind the case where device in Example 2 of the present invention, 

the present invention is adapted to a reflective color d^lay HG. 5 is a cross sectional view illustrating one color 

devace 200 will be described with reference to FIG. 2. of M ^ ^lor liquid crystal display 

Herein, again, a red picture element is used as an example. ^ lc 4 of ^ p^ent invention. 

Ambient licht 10 incident from a viewer 5 first enters a 10 , . , . .« „• . 

fostZo^vfcolor filter layer 4 via transparent substrate ™- 6 is a cross secttmal view illustrating a conventional 

13a. Out of the incident light, red light passes through the transmissive display device. 

first color filter 4a(R). Namely, the cyan light is absorbed in DESCRIPTION OF THE PREFERRED 

the first color filter layer. The red light transmitted through EMBODIMENTS 

the first color filter 4<R) passes through a second reflective 15 

color filter 3a(R). The transmitted red light passes through a The present invention will be described by way of 

liquid crystal layer 2, (Le., a display medium), and is examples below, 
reflected by a reflecting plate 11 located on the face of a 

counter substrate 136. Then, the light returns to the red Example 1 

picture element from which the light has been incident. This 20 Referring now to FIG. 3, a cross sectional view of one 

light is visually recognized by the viewer 5. In this case, the e mb<>diment of a color display pixel for an active matrix 

ambient light 10 is incident to the display device at various Uquid according to the present 

angles, and is further scattered by the reflecting plate. As a ky^on is illustrated. The one color display pixel consists 

result, all light does not necessarily pass through the same of ^ pkture dements for re<1 green and blue colors. A 

picture element that the light is incident through. 25 transmissive Uquid crystal display device of the present 

Accordingly, in a display having the conventional structure example ^ Q0W be described below. 

light transmitted through a red picture element is reflected ~ . . . . . . c . . 

pctoceleiMnt^Sudiali^u abs^bythe wlormtos 301. The Uquid crystal disptay panel 300 includes a Uquid 

again refleTd toward the reflecting plate by the second ^^^r^W ^ 1™ « 

color filters 3*G) and MB). Uius7 the light reaches the W*f «? each ™ e ^JgLSt 

viewer 5 through any one of the surrounding red picture "eluding liquid crystal molecules 12a " ^terposed 

elements, thereby eiuLcing Ught utilizationefficien'cy. 35 ^ tween * c PT of ?* ? 2^ 

wcuituw, ut^wj vu*«*«^« 6 j Nematic liquid crystal which has molecules twisted at an 

Both u, the case of ^ ta»^e££ftr rf £ . $ ^ for me ^ ^ tavcr „. 

and in the case of the reflective display device, the second . . _ J* ' 

color filter layer can be formed on the first color filter layer A fim color filter lay "J^^^Pg 

on the subsume for display on the side of the viewer. to selectively transmit red, green and blue light 1 provided 

Alternatively, the second color filter layer can be provided <o «• ^the surface facing the liquid crystal Uyer 12 of the 

on the side of the counter substrate. In both the cases, Ught substtate 13a' which is disposed near to a viewer. As shown 

can be utilized more efficiently, as described above. * " the ««* cotor flte -taya :M. a red cok* filter 

^^^^^l^^l^^^^ a SgJL element in the one color display pbtel. Black 

dispersmg method, anele *^ s *° n ^^^£j " 43 masks 14,- are provided between the color niters 15(R)'. 

ing method. Any suitable filter can be used provided that it * filters of 

functions in the same rnanner as desmbed above l^^JbL 15(R)'. %af and T W are adjacently 

I^ermore the second reflects color filter layer 3 1. form , ^ for 

formed of either one of an inorganic multilayer film, a * . , , ,„7- . . „„ ... „,_*„.. 

volume hologram, chiral nematic Uquid crystal, cholesteric so , A second color filter Uyer Iff u .provided on the ^ surface 

liquid crystofaTa cholesteric liquid crystal polymer. Any ^ng the liquid I aystal layer 12" <*^<^-™" 

type offilter can be used, provided that it functions in the Herein a reflective vol ume ho 

same manner as described above. Generally, these reflective is ««dforthe second color filter layer Iff Color filters in 

color filters have a Urge dependence o/viewing angles. Jhe second color filler layer Iff « VtfJoht CsmfrS 

However, in the preseTt invention, the first absorptive color 55 light of a complementery color to * W^™"* 

filter layer is provided on the side of the display surface. through *e «*> r ^ 14 ,: specifically, a 

Accordingly, whether (be present invention is applied to the color fitter 19(R • ^reflecting cyan light (i.e transmitting 

transroissrve display device or the reflective display device. red W is selected witti respect to the red color filter 

thecolc*fUterTyJhas a slight dependance onVhVviewing W 'Acolor filter 20(G) 'for 

. J rr- r ^ transmitting green hght) is selected with respect to the green 

color filter 16(G)'. A color filter 21(B)' for reflecting yellow 

BRIEF DESCRIPTION OF THE DRAWINGS light (U., transmitting blue light) is selected with respect to 

FIG. 1 is a schematic view illustrating the principle of a the blue color filter 17(B) 1 . Black masks 18o' are provided 

transmissive display device according to the present inven- between the color filters 19(R)\ 20(G)' and 21(B) f in the 

tion. 65 same manner as in the case of the first color filter layer 14\ 

FIG. 2 is a schematic view illustrating the principle of a A transparent planarization film 22' is formed on the 

reflective display device according to the present invention. surface facing the liquid crystal layer 12' of the second color 
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filter layer 18*. A transparent electrode 23' functioning as a 
common electrode for picture elements is formed on the 
surface facing the liquid crystal layer 12' of the planarization 
film 22*. On the other substrate 136\ a transparent electrode 
24' functioning as a picture element electrode and a TFT 25* 
are formed for every picture element on its surface facing the 
liquid crystal layer 12*. Alignment films 7€ and 2T made of 
polyimide for aligning the liquid crystal are applied onto 
transparent electrodes 23* and 24', respectively. 

The liquid crystal display panel 300 further includes 
polarizing plates 28' and 29* attached to the outer faces of the 
transparent substrates tta' and \3b % of the liquid crystal 
display cell respectively. 

The backlight 301 is provided outside of the liquid crystal 
display panel 300, and includes a light source 30\ an optical 
guide plate 31' and a reflecting film 32. 

In the present example, the liquid crystal display panel 
300 having the above-mentioned structure is produced in the 
following manner: 

First, the color filter layer 14' being of an absorptive type 
is formed on the transparent substrate 13a' made of barium 
borosilicate glass, sodium glass, plastic quartz glass or the 
like. A color filter obtained by a pigment dispersion method 
can be used for the absorptive color filter layer 14', for 
example. This type of color filter is produced in the follow- 
ing manner: 

A photosensitive dye resist in which a red pigment is 
uniformly dispersed in a transparent photosensitive resin is 
applied onto the glass substrate 13a*. More specifically, CR 
2000 manufactured by Fuji-Hunt Electronics Technology 
Co., Ltd. is employed to form a film with a thickness of 2.0 
um by using a spin-coating method and spinning at 650 rpm. 
Thereafter, the film is prebaked at 80° C. for 60 minutes and 
exposed via a predetermined development mask. Then, the 
film is baked at 220° C. for 30 minutes to form a pattern of 
red filters. Similarly, CG-2000, CB-2000 and CK-2000 
manufactured by Fuji-Hunt Electronics Technology Co., 
Ltd, are subjected to the same process as above to form 
patterns of green filters, blue filters and black masks, 
respectively— thus, forming a first color filter layer 14*. 

Still referring to Example 1, a second reflective color filter 
layer 18* is disposed on the first color filter layer 14'. A 
volume hologram optical color filter is used for the second 
color filter layer 18" for example. The volume hologram 
optical color filter is produced in the following manner: 

A photosensitive layer and a mirror are attached with a 
predetermined mask disposed thereabove (the predeter- 
mined mask may be disposed to contact with the photosen- 
sitive layer). A laser beam having a red wave-length is 
vertically radiated. The radiated laser beam interferes with 
the light reflected from the mirror so that interference stripes 
are recorded in the exposed portion in parallel to its face 
(vertical with respect to the incident direction of the laser 
beam). Such an exposure is sequentially performed several 
times with a gradual movement of the mask so as to record 
interference stripes with respect to green and blue. Details 
about the conditions and technical specifications for this 
production are shown in Table 2 below. 

TABLE 2 

Photosensitive material: 



TABLE 2-continued 



10 



15 



20 



Recording laser 

Blue: At km laser, power 5 W, 414 mn 

Model 220-035 manu&ctuzed by Spectra Physics, 
Ltd. 

Green; Ar km laser, power 5 W, 488 ran 

Model 220-055 manufactured by Spectra Physics, 
Ltd. 

Red: Kr laser, power 5 W f 647 cm 

Model Innova 200K3 manufactured by Coherent, Ltd 
Irradiation tune: 
Exposure: 

Developing treatment conditions: 

Washing in water 
IPA and water (3:7) 
IPA and water (7:3) 
IPA 
Drying 



60 mj/cm 3 



10 mm. 

1 mm, 

2 min. 
5 min. 

15 mm. 



Accordingly, a volume hologram optical color filter is 
produced for every picture element, as shown in FIG. 3. 

The first color filter layer 14* and the second color filter 
layer 18* are disposed so that respective picture elements 
overlap each other. The combination thereof is shown in 
25 Table 3 below. 

TABLE 3 



Gelatin dfchromase (having an "ntvp™" 1 sensiirvfty to 
red as a result of containing methylene blue) 



30 



35 



40 



45 



50 



55 



60 



65 





Red picture 


Green picture 


Blue picture 




element 


element 


element 


First color 


Transmitting 


Transmitting 




filter layer 14 


red light, 


green light, 


blue light. 


Absorbing 


Absorbing 


Absorbing 




cyan light 


maj^nfy light 


yellow light 


Second 


Trauwuttii4g 




TWrtFrmtrtr^g 


color fiber 


red light, 


green light, 


bbe light, 


layer 18 


Reflecting 


Reflecting 


Reflecting 


cyan light 


light 


yellow light 



As seen from Table 3 , light to be transmitted through the 
first color filter layer 14' is selected so as to have color 
complementary to that of light refected by the color filter 
layer Iff. 

An acrylic resin working as the planarization film 22 is 
coated on the second color filter layer 18* by a spinner. Then, 
the resultant film is baked at 220° C. for 60 minutes. 
Furthermore, transparent electrodes 23', for example, ITO is 
farmed to a thickness of 100 nm on the entire surface of the 
planarization film 27. 

TTTs 25* working as switching devices and transparent 
electrodes 24* are formed on the substrate 13&* opposed to 
the substrate 13a'. A light-shielding layer for preventing 
light from leaking may be formed on the TFTs 25*. 

Alignment films (Optomar AL4552 manufactured by 
Japan Synthetic Rubber Co., Ltd.) 26* and 2T are formed to 
a thickness of 70 nm on the transparent electrodes 23' and 24' 
by a printing method Rubbing direction is set so that liquid 
crystal molecules are twisted at 90° between the substrates 
13a' and 13a'. 

The pair of substrates 13a' and 13b 1 are attached to each 
other by spacers so that a cell thickness is 4.5 um. Nematic 
liquid crystal is injected between the attached substrates 13a* 
and 136' to form the liquid crystal layer 12. In the present 
invention, ZIJ-4792 (manufactured by Merck & Co.. Inc.) is 
used for the liquid crystal layer 17. The nematic liquid 
crystal has a variety of types so that a suitable material for 
the liquid crystal layer 12 can be selected among a wide 
range. 
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A pair of polarizing plates 28* and 29 arc attached to the 
outer faces of the completed liquid crystal cell, thus obtain- 
ing a liquid crystal display panel 300 in a normally white 
type TN (twisted nematic) liquid crystal display mode. 

Next, a displaying operation for a color display pixel in 
the liquid crystal display device of the present example will 
be described below. 

(1) Under application of zero voltage to the liquid crystal 
layer 12 (During displaying white) 

Unpolarized light is radiated from the backlight 301 to the 
liquid crystal display panel 300. When the light passes 
through the polarizing plate 29\ the Light is linearly 
polarized, then goes into the liquid crystal display cell. In the 
liquid crystal layer 12', the polarization direction of the 
linearly polarized light is rotated by 90° in accordance with 
the twist of the liquid crystal molecules. Herein, a red picture 
element will be described for example. 

Light emitted from the liquid crystal layer 17 goes into 
the red color filter 19(R)' for reflecting light having a 
wavelength of cyan (i.e., transmitting red light) in the second 
reflective color filter layer 18*. Red light transmitted through 
the red color filter 19(R)' passes through the red color filter 
15(R)' for transmitting red light, in the first absorptive color 
filter layer 14', and then passes through the polarizing plate 
28*. Thus, red color is displayed 

On the other hand, cyan light is reflected by the red color 
filter 19(R)' in the second reflective color filter layer 18*. In 
this point, since the polarization state is maintained, the light 
passes through the liquid crystal layer 12' with remaining 
linearly polarized. In the liquid crystal layer 12, the polar- 
ization direction of the reflected cyan light is rotated by 90°. 
As a result, the polarization direction is the same as when the 
light has entered the liquid crystal display cell, and then the 
light passes through the polarizing plate 29*. The light 
transmitted through the polarizing plate 29 1 returns to the 
optical guide plate 31* in the backlight 301. Thereafter, the 
light is again reflected by the reflecting film 32', and passes 
through color filters 20(G)' and 16(G)' corresponding to 
green picture elements adjacent to the red picture element 
or the color filters 21(B)* and 17(B)' corresponding to blue 
picture elements. Thus, a viewer recognizes the colors. By 
having such a structure, light (in this case, cyan light), which 
is conventionally absorbed in the color filters, can be 
^utilized in other picture elements substantially without 
being absorbed 

Similarly, in the case of green and blue picture elements, 
light which is conventionally absorbed in the color filters 
can be utilized in other picture elements by being reflected 
toward the liquid crystal layer 12. Consequently, as a whole, 
light is utilized three tunes more efficiently than in a 
conventional liquid crystal display device. 

Furthermore, since light surrounding the liquid crystal 
display device is absorbed by the first absorptive color filter 
layer 14', no light is reflected by the second reflective color 
filter layer 18* to be directed to the viewer. More particularly, 
the first color filter layer's respective color niters 15(R)\ 
16(G)* and 17(B)' absorb all light except for its respective 
colored light which it allows to pass through (e,g., 15(R) r 
allows red to pass through). The light which is allowed to 
pass through is reflected and scattered until it reflects upon 
a filter of corresponding color and is allowed to pass 
through. Consequently, light surrounding the display device 
is not reflected back to the viewer by the second color filter 
layer 18*. 

(2) Upon application of a voltage to the liquid crystal layer 
12* (During displaying black) 

Unpolarized light is radiated from the backlight 301 to the 
liquid crystal display panel 300. When the light passes 
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through the polarizing plate 29', the light becomes linearly 
polarized, before entering the liquid crystal display celL 
Since a voltage is applied to the liquid crystal layer 12', the 
polarization direction thereof does not rotate in the liquid 

5 crystal layer 12*. Herein, again, the red picture element will 
be described for example below. 

Light emitted from the liquid crystal layer 12* enters the 
red color filter H^R)' for reflecting light having a wave- 
length of cyan (Le., transmitting red light) via the second 
reflective color filter layer 18'. Red light transmitted through 

10 the red color filter 19(R)* passes through the red color filter 
15(R)' for transmitting red light in the first absorptive color 
filter layer 14*. The transmitted red light is absorbed in the 
polarizing plate 28*, because the polarization direction is not 
rotated in the liquid crystal layer 12*. 

13 On the other hand, cyan light is reflected by the red color 
filter 19(R)' in the second reflective color filter layer Iff. At 
this point, since the polarization state is maintained, the light 
passing through the liquid crystal layer 12' will remain 
linearly polarized. Since a voltage is applied to the liquid 

20 crystal layer 12*, the polarization direction thereof does not 
rotate in the liquid crystal layer 12*. Thus, the reflected cyan 
light has die same polarization direction as the light that 
entered the liquid crystal display cell. As a result the 
reflected light passes through the polarizing plate 29*, and 

25 returns to the optical guide plate 31' in the backlight 301. 
Thereafter, the light is again reflected by the reflecting film 
32*. and passes through color filters 20(G)' and 16(G)* 
corresponding to green picture elements adjacent to the red 
picture element, or the color filters 21(B)' and 17(B) 1 cor- 
responding to blue picture elements. The respective light 

30 that is transmitted through these green and blue picture 
elements is absorbed by the polarizing plate 28*. 

Similarly, in the case of green and blue picture elements, 
light reflected by the color filters 20(G)' and 21(B)' in the 
second color filter layer 18* pass through other picture 

35 elements adjacent to the picture elements, and is absorbed in 
the polarizing plate 28*. Consequently, black is displayed 
upon application of a voltage. 

As described above, although light is conventionally 
absorbed in the color filters during the display of white, no 

40 light is absorbed in the color filters according to the present 
invention. As a result, in the liquid crystal display device of 
the present invention, light is utilized three times more 
efficiently man a liquid crystal display device using the 
conventional structure shown in FIG. 6. 

45 Consequently, since the liquid crystal display device of 
the present invention affords for more efficiency utilization 
of light, a significantly brighter display can be achieved 
even if the amount of light from the backlight 301 is 
suppressed. Accordingly, a liquid crystal display device of 
low power consumption is realized. 

30 Although aTN type liquid crystal display mode is applied 
in the present example, an STS display mode, a guest-host 
display mode, or other display modes for displaying color 
using color filters such as ferroelectric liquid crystal poly- 
mer dispersing type can be employed in the present inven- 
ts tion. 

Furthermore, the absorptive color niter used for the first 
color filter layer 14* can be produced by a variety of methods 
such as a gelatin dyeing method, an electro-deposition 
method or a printing method. Furthermore, an inorganic 
60 multilayer film, a volume hologram and chiral nematic or 
cholesteric liquid crystal utilizing selective reflection can be 
used for a reflective color filter used as the second color filter 
layer 18*. 

w Example 2 

Referring to FIG. 4 which illustrates a cross sectional 
view of another embcKUrncnt of a color display pixel for an 
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active matrix color liquid crystal display device of the The backlight 401 is provided outside of the liquid crystal 

present invention. The one color display pixel consists of display panel 400, and includes a light source 30\ an optical 

three picture elements for red, green and blue colors. The guide plate 31" and a reflecting film 32". 
structure of a liquid crystal display device according to the 

present example will be described below. 5 Still referring to Example 2, the liquid crystal display 

The liquid crystal display device includes a liquid crystal panel 400 having the above-mentioned structure is produced 

display panel 400 and a backlight 401. The liquid crystal in the following manner: 
display panel 400 includes a liquid crystal cell including a 

liquid crystal layer 12" working as a display medium and a First the absorptive color filter layer 14" is formed on the 

pair of transparent substrates lio" and 136" opposed to each 10 transparent substrate 13a", made of barium borosilicate 

other. The liquid crystal layer 12" including liquid crystal glass, sodium glass, plastic, quartz glass or the like. A color 

molecules 12a" is interposed between the pair of transparent obtained by a pigment dispersion method may be used 

substrates 13a" and 136". NernaUcUquid crystal which has fof me absQf ^ vc ^ ^ ^ 14% for example. The 

molecules twisted at a angle of 90° is used for the Uqiud ^ ^ ^~ ^ ^ ^ foU 

crystal layer 12". 15 ~~&r- 

A first color filter layer 14" formed by dispersing pigment a photosensitive dye resist in which a red pigment is 

to selectively transmit red, green and blue light is provided uniformly dispersed in a transparent photosensitive resin is 

on the surface racing the liquid crystal layer 12" of the applied onto the glass substrate 13c" in order to form a 

substrate 13a" which is disposed closer to the viewer. As predeterinined pattern. This procedure is repeated three 

shownbnG.4^mefiKtcolcrfito ^ ^ „ as t0 fonn me ^ ^lor fii ter 14" consisting of 

filter 15(R)\ a green Color filter 16(G)" and a blue color . 

filter 17(B)" are aligned so that each ccta filter corresponds color filters 15(R) , 16(G) and 17(B) for rco; green and 

. . . . . ^ 1 j* 1 * 1 blue. The detailed crocedure is the same as that in Example 

to a single picture element in the one color display pixel wuc * inc ^^F^^^ « U1C Ui ^ 

Black masks 14c" are provided between the color filters 

15(R)", 16(G)" and 17(B)\ In Che present example, red, ^ Qd ^ on ttc substrate 13J>" opposed to 

green and blue color filters 15(R)", 16(G)" and 17(R)" are substratc 13a * ac formed TFTs 25" working as switching 

adjacently aligned to form a stripe, for e*ample^ devices, as shown in FIG. 4. The interference color filter for 

A second color filter layer 37 is « the second color filter layer 37 is formed on the counter 

facing the liquid crystal layer 12 of the substrate 136 . m ^ wm „ . . . . . 

oppofed to the substrate 13*". Herein, a reflective thin 30 substrate 13*" provided with the TFTs 25 by atonately 

interference color filter layer is used for the second color laminating two types of transparent inorganic dielectric thin 

filter layer. Color filters in the second color filter layer 37 are film having different refractive indexes. In the present 

selected so as to reflect light having a color complementary example, silicon dioxide (having a refractive index of 1.46) 

to mat of the light transmitted through the first color filter is used as a substance having a lower refractive index, 

layer 14". More specifically, a color filter 33(R) for reflect- 35 Titanium dioxide (having a refractive index of 2.4) is used 

ing cyan light (Le., transmitting red light) is selected with ^ a substance having a higher refractive index. Detailed 

respect to the red color filter 15(R)". A color filter 34(G) for conditions of the interference filter are shown below, 
reflecting magenta light (Le., transmitting green light) is 

selected with respect to the green color filter 16(G)". A color Si0 2 and Ti0 2 are subjected to sputtering in order to form 
filter 35(B) for reflecting yellow light (Le., transmitting blue ^ thin films. The thin films are alternately laminated on the 
light) is selected with respect to the blue color filter 17(B)". substratc 136". so as to form a multilayer. Thus, an inter- 
A transparent polarization film 22" is formed on the fercnee filter working as the second color filter layer 37 is 
surface facing the liquid crystal layer 12" of the first color obtained. The number of layers and thickness are optimized 
filter layer 14". A transparent electrode 23" functioning as a for transmitting red, blue and green light, respectively. When 
common electrode for the picture elements are farmed on 45 the number of layers of the transparent dielectric thin film is 
the surface facing the liquid crystal layer 12" of the polar- increased, a spectral characteristic becomes sharp so that an 
ization film 22". On the other substrate 136", a transparent interference filter with excellent color separation character- 
electrode 24" functioning as a picture element electrode and ls ^ cs ^ ^ obtained. For example, the entire thickness is 
a TFT 25" are formed for every picture element on its sct to 0 g21 m for me re a color filter 33(R). the entire 
surface facing the liquid crystal layer 12". The transparent 50 thickness is set to 1.725 um for the green color falter 34(G) 
electrodes 24" are formed on the inorganic thin interference and ^ eDtire ^ckness is set to 1.052 um for the blue color 
color filter layer 37 so that the inorganic thin interference ^ 
color filter layer 37 can also function as an insulating film for 

insulating between the transparent electrodes 24" and TFTS Thereafter, the photo-process of application of a 

25". The transparent electrodes 24" are connected to the 55 photoresist, exposure and development is repeated three 

drain portions of the TFTs 25" via contact holes 36 provided times so as to form red, green and blue color filters 33(R). 

in the color filter layer 37. Alignment films 26* and 27" 34(G) and 35(B). During the photo-process, a mask is 

made of pedyimide for aligning liquid crystal are applied disposed in such a manner that contact holes 36 are formed 

onto transparent electrodes 23" and 24", respectively. on ^ color falters 33(R), 34(G) and 35(B) so as to 

In the present example, by utilizing the color filter layer 60 correspond to the drain portions of the TFTs 25". Thus, 

37 as an insulating film, the transparent electrodes 24" can transparent electrodes 24" made of ITO are formed on the 

be formed even on the TFTs 25" so that an aperture ratio can inorganic thin film interference color filter layer 37. 

be raised advantageously. t ^ a 

The liquid crystal display panel 400 further includes The first color filter layer 14" and the second color filter 
polarizing plates 28" and 29" attached to the outer faces of 65 layer 37 are disposed so that respective picture elements 
the transparent substrates 13a" and 136" of the liquid crystal overlap each other. The combination thereof is shown in 

display cell respectively. Table 4 below. 
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green light, 


blue light, 


layer 37 


Reflecting 


Reflecting 


Reflecting 


cyan tight 


magenta light 


yellow light 
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As can be seen from Table 4, a light to be transmitted 
through the first color filter layer 14** is selected to have a 15 
color complementary to that of light reflected by the color 
filter layer 37. 

An acrylic resin working as the polarization film 22" is 
coated on the first color filter layer 14" by a spinner. Then, 
the resultant film is baked at 220°C. for 60 minutes. 20 
Furthermore, transparent electrodes 23 ", for example, TTO is 
formed with a thickness of 100 nm on the entire surface of 
the polarization film 22". 

Alignment films (Optomar AL4552 manufactured by ^ 
Japan Synthetic Rubber Co., Ltd.) 26" and 27" are formed 
with a thickness of 70 nm on the transparent electrodes 23" 
and 24* by a printing method. Rubbing direction is set so 
that liquid crystal molecules are twisted at 90° between the 
substrates 13a" and 13b". & 

The pair of substrates 13a" and 136" are attached to each 
other by using spacers so that the cell thickness is 4.5 urn. 
Nematic liquid crystal is injected between the attached 
substrates 13a" and 136" in order to form the liquid crystal 
layer 12". In the present example, ZU-4792 (manufactured 35 
by Merck & Co., Inc.) is used for the liquid crystal layer 12". 
The nematic liquid crystal his such a variety of types that a 
material for the liquid crystal layer 12" can be selected in a 
wide range. 

A pair of polarizing plates 28" and 29" are attached on the 40 
outer face of the completed liquid crystal cell, thus obtaining 
a liquid crystal display panel 400 in a normally white type 
TN (twisted nematic) liquid crystal display mode. The 
operating principle of the present example is the same as that 
in Example 1. 45 

In the present example, as well as in Example 1, substan- 
tially no light is absorbed by the color filters while display- 
ing white, though light is typically absorbed by conventional 
color filters. Thus, light is utilized three times more effi- 
ciently as compared to a conventional liquid crystal display 30 
device. 

As described above, since the liquid crystal display device 
of the present example provides a high efficiency of light 
utilization, light amount from the backlight 401 can be 
suppressed. Thus, a low power consuming liquid crystal 
device can be attained. 

Although the TFT is used as an active device in the 
present example, a two-terminal device (e.g., MIM, a varis- 
tor or the like) can be used for driving the liquid crystal ^ 

Example 3 

A liquid crystal display device in Example 3 of the present 
invention has the same structure as the liquid crystal display 
device in Example 1 shown in FIG. 3, and uses a cholesteric 63 
liquid crystal polymer as the second reflective color filter 
layer 18*. The cholesteric liquid crystal polymer utilizes 
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selective reflection of circularly polarized light stemmed 
from a helical structure of the cholesteric liquid crystal layer. 

As the cholesteric liquid crystal polymer of the present 
example, photopdymerizable TC3951L manufactured by 
Wacker-Chemie GmbH Co., Ltd. is used. TC3951L is 
capable of changing a reflection spectrum at a specific 
temperature by a thermochromic effect of a cholesteric 
phase due to temperature dependant of a helical twisting 
power of a chiral material. The cholesteric liquid crystal 
polymer of the present example is produced in the following 
manner: 

First, a film made of TC3951L is formed on a first color 
filter layer 14*. A predetermined mask corresponding to 
picture elements is disposed thereon. When a glass substrate 
13a* is heated to 25° C, red light is reflected. Maintaining 
this state, UV rays are radiated, so as to fix an area of the 
filter where red light is reflected. Next a temperature of the 
substrate IV is set to 76° C, at which green light is 
reflected. A predetermined mask corresponding to picture 
elements is disposed, and then UV rays are radiated so as to 
fix an area of the filter where green light is reflected. Then, 
the temperature of the substrate 13a is changed to 105 °C, at 
which blue light is reflected A predetermined mask corre- 
sponding to picture elements is disposed, and then UV rays 
are radiated so as to fix an area of the filter where blue light 
is reflected. In this manner described above, a reflective 
RGB filter is formed. 

Furthermore, another film made of TC395 1L is formed on 
the reflective filter. A predetermined mask corresponding to 
picture elements is disposed, so as to form a blue-reflecting 
filter on the area of the red-reflecting filter, a red-reflecting 
filter on the area of the green-reflecting filter and a blue- 
reflecting filter on the area of green-reflecting filter. 

in this manner, a green color filter 20(G)' for reflecting 
magenta, blue color filter 21(B)' for reflecting yellow and a 
red color filter 19(R)' for reflecting cyan light are formed as 
the second reflective color filter layer 18'. These color filters 
19(R)\ 20(G)' and 21(B)' in the second color filter layer 18* 
are combined with the color filters 15(R)\ 16(G)' and 17(B)' 
in the first color filter layer 14', corresponding to respective 
picture elements, respectively, as shown in Table 3. 

The liquid crystal display devine in Example 3 has the 
same structure as mat in Example 1 shown in FIG. 3, except 
for the structure of the second color filter layer 18*. By 
applying the structure of the present example, substantially 
no light is absorbed in the color filters while displaying 
white, though light is typically absorbed by conventional 
color filters. Thus, light is utilized three times more effi- 
ciently. 

The liquid crystal display device of the present example 
also has a high light utilization efficiency so that amount of 
light from the backlight 301 can be suppressed. 
Consequently, a low power consuming liquid crystal display 
device can be attained. 

Example 4 

FIG. 5 shows a cross sectional view of one color display 
pixel of an active matrix color liquid crystal display device 
in Example 4 of the present invention. The one color display 
pixel consists of three picture elements for red, green and 
blue colors. Referring to FIG. 5. a structure and a production 
method of a reflective liquid crystal display device accord- 
ing to the present example will be Described below. 

The liquid crystal display device of the present example 
includes a liquid crystal display panel 500. The liquid crystal 
display panel 500 includes a liquid crystal layer 40 working 
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as a display medium and a pair of transparent substrates 
J3a m and 136"* opposed to each other The liquid crystal 
layer 40 is interposed between the pair of transparent 
substrates 13a m and 13fr"\ Guest-host liquid crystal includ- 
ing a chiral substance, a liquid crystal molecule lib"' and a 
black dichroic pigment 126. which conducts display in a 
phase change mode, is used for the liquid crystal layer 40. 

A first color filter layer 41 obtained by a dyeing method 
to selectively transmit red light and cyan light is provided on 
the surface facing the liquid crystal layer 40 of the substrate 
13a*' which is disposed closer to a viewer. As shown in FIG. 
5, in the first color filter layer 41, a red color filter 42(R) and 
a cyan color filter 43(C) are aligned so that each color filter 
corresponds to a single picture element in the one color 
display pixel. A black mask 41a is provided between the 
color filters 42{R) and 43(C). In the present example, the red 
and cyan color filters 42(R) and 43(C) are adjacently aligned 
to form a strip, for example. 

A second color filter layer 44 is provided on the surface 
facing the liquid crystal layer 40 of the first color filter layer 
41. Herein, a reflective volume hologram optical color filter 
is used for the second color filter layer 44. The second color 
filter layer 44 is a phase type volume hologram optical film 
obtained by laminating layers having different refractive 
indexes in the color filter layer. The second color filter layer 
44 is produced in the same manner as in Example 1. The 
second color filter layer 44 includes a red color filter 45(R) 
and a cyan color filter 46(c) for selectively transacting red 
light and cyan light A black mask 44a is provided between 
the color filters 45(R) and 46(C) in the same manner as in the 
case of the first color filter layer 41. 

The first color filter layer 41 and the second color filter 
layer 44 are disposed so that respective picture elements 
overlap each other. The combination thereof is shown in 
Table 5 below. 



TABLES 




Red pictire 


Cyan picture 




clement 


element 


First 






color filter 


red light, 


cyan light, 
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Absorbing red 
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Trflnpmiiting 


color fitter 


red light. 


cyan light, 


layer 44 


Reflecting 


Ke6ecting 


cyan light 


red tight 



As can be seen from Table 5, a light to be transmitted 
through the first color filter layer 41 is selected so as to have 
a color complementary to the light reflected by the color 
filter layer 44. 

A polarization film 22"' and a transparent electrode 23*" 
working as a common electrode for respective picture ele- 
ments are provided on the second color filter layer 44. The 
polarization film 22" is formed by coating an acrylic resin 
by a spinner and then baking at 220° C. for 60 minutes. The 
transparent electrodes 23"\ for example, tTO is formed in a 
thickness of 100 nm on the entire surface of the polarization 
film 22"\ 

On the other substrate 13&"', a reflective electrode 48 
working as a picture element electrode and a TFT 2S m 
working as a switching device are formed for every picture 
element on its surface facing the liquid crystal layer 40. An 
organic fiwnl*ring film 47 is provided between the reflective 
electrode 48 and the TFT 25". The organic insulating film 47 
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has a rough face for scattering light on the side of the liquid 
crystal layer 40. The reflective electrodes 48 and the drain 
portions of the TFTs 25"' are electrically connected via 
contact holes 49 provided in the organic insulating films 47. 

5 With such a structure, a large aperture ratio can be attained. 
The rough face for scattering light of the organic insulat- 
ing film 47 is produced in accordance with the method 
disclosed in Japanese Laid-Open Patent Publication No. 
6-75238. Aluminum is used for the reflective electrode 48. 

10 The surface facing the liquid crystal layer 40 of the reflective 
electrode 48 is also as rough as the rough face of the organic 
insulating film 47. 

Vertical alignment films 50 and 51 are formed with a 
thickness of 70 nm on the transparent electrodes 23"* and the 
reflective electrodes 48 by a printing method, respectively. 
The substrates 130*" and 136"' are attached to each other so 
that the thickness of the panel is 8 urn. Guest-host liquid 
crystal including a chiral substance and a black dichroic 
pigment which conduct display in a phase change mode is 
injected between the attached substrates 13a*" and 13b m in 

20 order to form the liquid crystal layer 40. The black guesthost 
liquid crystal has such a variety material that the material for 
the liquid crystal layer can be selected from a wide range. 

Still referring to Example 4, a displaying operation in the 
liquid crystal display device will next be described below. 

25 (1) Under application of a voltage to the liquid crystal layer 
40 (While displaying white) 

Liquid crystal molecules and pigment molecules in the 
liquid crystal layer 40 are aligned in (he same direction as an 
applied electric field. As a result, light will pass through the 

30 liquid crystal layer 40. Light surrounding the liquid crystal 
display cell 500 is first incident to the first color filter layer 
41. Light having wavelength other than that of the trans- 
mitted light is absorbed in the first color filter layer 41. 
Herein* red picture elements will be described for example. 

35 In the red picture elements, red light transmitted through 
the red color filter 42(R) in the first color filter layer 41 goes 
into the red color filter 45(R) in the second color filter layer 
44. which is an interference color filter. The red light passes 
through the color filter 45(R). and then passes through liquid 

40 crystal layer 40 so as to be scattered in the reflective 
electrodes 48. The red light transmitted through the color 
filters 42(R) and 45(R) is reflected by the reflective elec- 
trodes 48, and passes through the liquid crystal layer 40 
again, following a substantially reverse path to the path 

45 when the light has been incident In this manner, the light 
transmitted through the color filters of red 42(R) and 45(R) 
are recognized by a viewer. 

Since the light transmitted through the first and second 
color filter layers 41 and 44 corresponding to red picture 

50 elements are scattered by the reflective electrodes 48, the 
light does not necessarily emit from the red picture element 
through which the light had initially entered However, even 
if the light enters a cyan picture element adjacent to the red 
picture element, the incident light is reflected by the inter- 

55 ference color filter working as the second color filter layer 44 
so as to pass through the liquid crystal layer 40 and again 
enters the reflective electrodes 48. In the reflective elec- 
trodes 48, the light is rebounded and again directed toward 
the viewer, and eventually utilized. 

tio In a conventional structure, the incident light to the 
adjacent cyan picture element is absorbed in absorptive 
color filters. In the present invention, however, such light 
that is otherwise absorbed can be utilized efficiently. 
(2) Under application of no voltage (During displaying 

63 black) 

When light surrounding the liquid crystal display device 
enters the liquid crystal layer 40, the light is absorbed in the 
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guest-host liquid crystal, because the liquid crystal mol- 
ecules of the liquid crystal layer 40 are twisted. Even if some 
light is not absorbed, the light is reflected by the interference 
color filter working as the second color filter layer 44, and 
then absorbed in the guest-host liquid crystal layer 40 so as 
to realize the black display. 

Although, the interference color filter working as the 
second color filter layer 44 is formed on the side of the 
substrate 13a"' in the present example, it is confirmed mat 
the same effect can be obtained when it is formed in the, side 
of the substrate 136". 

By applying the structure the present example, in a 
reflective display device, substantially no light reflected by 
reflecting plates (reflective electrodes) is absorbed by color 
filters, though the reflected light is conventionally absorbed 
Thus, light is utilized efficiently. 

Although a TFT is used for an active device in the present 
example, a two-terminal device (e.g., MIM, a varistor or the 
like) can be used for driving liquid crystal. 

Although the first color filter layer 41 is formed by an 20 
absorptive gelatin dyeing method in the present example, it 
can be formed by a pigment dispersion method, an electro- 
deposition method, a printing method or other methods. 
Furthermore, an interference color filter is used for the 
second reflective color filter layer 44. but volume hologram. 25 
chiral nematic or cholesteric liquid crystal or the like uti- 
lizing selective reflection can be used. 

As apparent from the description above, according to the 
present invention, a bright liquid crystal display device 
capable of efficiently utilizing light can be realized. In a 30 
transmissive liquid crystal display device, brightness of the 
same level as a conventional device can be ensured with less 
power consumption than conventional liquid crystal display 
devices. Furthermore, by applying the present invention to a 
reflective liquid crystal display device a bright reflective 
panel can be obtained. 

Various other modifications will be apparent to and can be 
readily made by those skilled in the art without departing 
from the scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather that 
the claims be broadly construed. 

What is claimed is: 

I. A color display device comprising: 

a display medium; 

a display-side substrate including electrodes for driving 

the display medium; 
a counter substrate opposed to the display-side substrate 

with the display medium therebetween and including 

electrodes for driving the display medium; 
a first absorptive color filter provided on the display-side 

substrate; 



a second reflective color filter for reflecting ligjit having 
a complementary color of light transmitted through the 
first color filter, the second color filter being provided 
on the first color filter so as to form a multilayer 
together with the first color filter; 
reflecting means provided on a face opposite to the first 

color filter of the second color filter; and 
a backlight provided on a side opposite to the display-side 
substrate of the counter substrate. 

2. A color display device according to claim 1, wherein 
the first color filter is formed by either one of a gelatin 
dyeing method, a pigment dispersing method, an electro- 
deposition method or a printing method. 

3. A color display device according to claim 1, wherein 
the second color filter is formed by either one of an inorganic 
multilayer, a volume hologram, chiral nematic liquid crystal, 
cholesteric liquid crystal or a cholesteric liquid crystal 
polymer. 

4. A color display device comprising: 
a display medium; 

a display-side substrate including electrodes for driving 

the display medium; 
a counter substrate opposed to the display-side substrate 
with the display medium therebetween and including 
reflective electrodes for driving the display medium; 
a first absorptive color filter provided on the display-side 
substrate; and 

a second reflective color filter provided on a face opposite 
to the display-side substrate of the first color filter for 
reflecting light having a color complementary to that of 
light transmitted through the first color filter. 

5. A color display device according to claim 4, wherein 
the second color filter is provided on the display-side 
substrate so as to form a multilayer together with the first 
color filter. 

6. A color display device according to claim 4. wherein 
the second color filter is provided on the side of the counter 
substrate. 

7. A color display device according to claim 4, wherein 
the first color filter is formed by a method selected from the 
group consisting of a gelatin dyeing method, a pigment- 

45 dispersing method, an electro-deposition method, and a 
printing method. 

8. A color display device according to claim 4, wherein 
the second color filter is formed by an element selected from 
the group consisting of: an inorganic multilayer, a volume 
hologram, a chiral nematic liquid crystal, a cholesteric liquid 
crystal, and a cholesteric liquid crystal polymer. 
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